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COPPER, BRASS, 
ALUMINIUM- BRASS, 


CUPRO-NICKEL, 
AND OTHER ALLOYS. 


(PROTECTED UNDER B.N.F. PATENT 308647—1929) 


THE MOosT 
ECONOMICAL TUBE 


IN THE WORLD 


THE YORKSHIRE COPPER WORKS, LTD. 
LEEDS, ENGLAND. 
Telephones : 20031. Telegrams: “ Tubes, Leeds.” 

LONDON OFFICE: 53, New Broad Street, E.C.2. 


$6 
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—-°> Electrical Insulation 
for every requirement 


Displayed at the British Industries Fair, Birmingham 
by The Micanite & Insulators Company, Limited. 


Micanite Mica Paxolin 
Built-up Mica Insulation, Block, Splittings and Cut Mica Bakelite Varnish-Paper Insulation 


High Tension Terminals & Bushings 


for Indoor and Outdoor Service 


‘*Empire”’ Insulation 
Yellow or Black Varnished Cloth, Cambrics, Sewn or Seamless Bias Tapes, 
‘*Empire’’ Varnished Cotton and Silk Tubing 


Leatheroid, Vulcanised Fibre, Presspahn, Adhesive Tapes, etc. 


Descriptive pamphlets and prices will be sent on application 
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BUILDINGS & HANDLING PLANTS 


THE MITCHELL COMPANY 
45-50 HOLBORN VIADUCT LONDON 
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NOTTINGHAM USES 


THE 


(WESTINGHOUSE 
ROAD TRANSPORT BRAKE 


‘English Electric” Trolley Bus at Nottingham, where the 
whole fleet is fitted with this system of braking. These 
vehicles are thus provided with a means of deceleration 


in keeping with their remarkable accelerating powers. 


Most of the modern trolley buses now in service are 


provided with this equipment, which assists the drivers 
in maintaining a high AVERAGE speed. 


Send for pamphlet D.P.1 3k. 


The Westinghouse Brake & Saxby Signal Ce. Ltd. 
82, York Road, King’s Cross, London, N.1. 
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THES DE LAVAL OIL PURIFIER 


Removes about 200 cubic 
inches of Dirt 
every 24 hours. 

The continuous removal of dirt from Lubri- 
cating Oil greatly improves the operation 


of all Diesel engines and effects very large 
savings in cost of upkeep. 


ALFA-LAVAL CO., LTD., 34, Grosvenor Road, London, S.W.1. 


ROLLING MILL PLANT 
FITTED WITH ALL MODERN IMPROVEMENTS 
ENSURING HIGH OUTPUT, MINIMUM UPKEEP AND IMMUNITY FROM BREAKDOWN. 


BLOOMING 
MILLS. 
PLATE MILLS. 
SECTION MILLS. 
MERCHANT 
MILLS. 
SHEET MILLS. 
“ MORGAN ” 
CONTINUOUS 
MILLS. 
WHEEL & TYRE 
MILLS. 


COLD ROLLING 
MILLS. 
ACCESSORY 
MACHINERY. 
HYDRAULIC 
MACHINERY. 
STEAM 
HAMMERS. 
STEAM BOILERS. 


750 mm. THREE-HIGH TINBAR MILL. 


DAVY BROTHERS, sHEFFiELD. 
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STRATHCLYDE PAINT Co. LTD., 


Manufacturers of 


_ LEADS, PAINTS, COLOURS & VARNISHES 


Specialists in Paints for 
MACHINE TOOLS and all kinds of MACHINERY 


 Puralb ” Strathclyde ” Strathclyde” 
White Lead Enamel Filling up & Anti-corrosive 
Substitute. Dull Steel Grey Paints. Oxide Paints. 


Contractors to Home & Colonial Governments, leading 
Railway Co.’s, Car. & Wagon Builders, Engineers, &c. 


| STRATHCLYDE WORKS, DALMARNOCK, GLASGOW. 


Insulated wire unaffected 
by severe temperature rises 


Lewbestos insulated 
wire is unequalled— 


for use in the manufacture and repair of coils for traction, 
mining and mill motors; lifting magnets and all apparatus 
subject to severe temperature rises. 


Withstands a test pressure of 1,000 Volts between turns 
after long period working up to 200° C. (392° F.). 


LEWBESTOS insulation is a pure Asbestos Fibre Insulation 
specially treated to remove all impurities, and it is moisture- 
proof and tough, but in spite of its toughness it will not 
crack or break on sharp bends. 


LEWBESTOS 


REGD. 
PURE ASBESTOS FIBRE INSULATION 


THE LONDON ELECTRIC WIRE COMPANY AND SMITHS, LIMITED 
Church Road, Leyton, London, E.10. 
Telephone :— Leytonstone 3636. Telegrams :—Lewcos, London. 


Trade Counter and Cable Sales: 7, Playhouse Yd., Golden Lane, London, E.C. 1. 
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BRANCH OFFICES IN THE UNITED KINGDOM: 


BELFAST. BIRMINGHAM. BRADFORD. BRISTOL, 
CARDIFF, EDINBURGH, GLASGOW, MANCHESTER. 
NEWCASTLE, SHEFFIELD. 


BRANCH OFFICES AND ASSOCIATES ABROAD: 


ARGENTINA, AUSTRALIA. BRAZIL, CANADA. COLOMBO, 
EGYPT. FRANCE, INDIA, JAPAN, NEW ZEALAND, 
SOUTH AFRICA, STRAITS SETTLEMENTS & F.M.S. 


ENGLISH ELECTRIC 


THE ENGLISH ELECTRIC COMPANY LIMITED. 
MEAD OFFICE: | 


Queens House, Kingsway, London.W.C.2. 


Works: BRADFORD, COVENTRY, PRESTON, RUGBY, STAFFORD. 


T U F T 
A 2,500kW. » Surface” Plant a 
THE NEW DESIGN WHICH CONCENTRATES 4 
Capable of adaptation to a wide variety of local conditions English Electric surface OF non- 
basement type Tyrbo-Generator Sets have been developed to secure general simplification of 
the powe! house arrangements: Particular advantages include, REDUCED cost OF Excavation 
and Foundations. Erection and Auxiliaries: Operation and Supervisior” INCREASED Simplicity 
and Reliability. Accessibility Ease of Installation and Ease of UpkeeP- ; 

suPPLIED WITH AC. OR p.c. GENERATORS IN SIZES FROM 500kW- TO 3,500kW. 
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E. N. MASON & SONS LIMITED 


THE MANUFACTURING DRAWING OFFICE STATIONERS 


ENGINEERING & SHIPBUILDING EXHIBITION 


OLYMPIA 
SEPT. 1OTH TO 26TH, 1931 


VISIT OUR STAND No. 14 
MAIN HALL 


* ARCLIGHT ” 


STANDS FOR 
BETTER 


DRAWING OFFICE & PHOTO PRINTING 
EQUIPMENT 


WE SHALL WELCOME THE OPPORTUNITY 
OF DEMONSTRATING AND PROVING THIS 
TO YOUR’ SATISFACTION AT OLYMPIA 


ARCLIGHT WORKS, COLCHESTER, ENGLAND. + 


LONDON — BIRMINGHAM — MANCHESTER — NEWCASTLE-ON.TYNE, 


= 
. 
if 
= 
a: 


June, 1931, THE ENGLISH ELECTRIC JOURNAL IX 


The above illustration shows one of the electric locomotives 
E | E C : rR and its battery tender made by the English Electric Co. Ltd. 


for the South India Railway—Madras Electrification. 


Normally the locomotives obtain their power from an over- 
’ RAC ’ | head supply, but when the terminus of the electrified section 


is reached they pick up a tender containing batteries which 


IN supply power for the remainder of the run. 
The batteries play a vital part in ensuring the success of the 
scheme—they must be efficient and reliable to the highest 
i N D | A possible degree. This explains why D.P. Kathanode Batteries 
were chosen. 


THE D.P. BATTERY CO. LTD., BAKEWELL, DERBYSHIRE 
50 GROSVENOR GARDENS, VICTORIA, S.W.1. 
Each tender is d 
ith a Kathanode altery 
consisting of 240 KAL- 
city of 360 ampere-hours 


at the 5-hour discharge ~ 
rate. 


of the battery 
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IEMEN 


FEEDER PILLARS. | 


SOLVE ALL YOUR 
FEEDER PILLAR 
PROBLEMS 


by using 


SIEMENS 


UNIT TYPE 
CABLE SEALING 
BOXES 


These High-Voltage Pillars 
provide an economical 
method of connecting large 


FOUR-WAY 11,000-VOLT PILLAR consumers and can be oper~ 
with ated while under tension. 
Safety Screen removed. * 


Quotations on applicalion 


SIEMENS BROTHERS & CO., LTD. 


WOOLWICH, LONDON, S.E.18. 
Telephone: Woolwich 1161. Telegrams : “ Siemens, Woolwich.” 
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Queen’s House from Lincoln’s Inn Fields. 


All rights of republication, including translation of articles, are reserved. 
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Prime Movers 
tor operation by 
Steam, Water 
and 
at 
Rugby Works, 
May Ist, 1931. 


6,000-H.P. Water Tur- 
bine Alternator and 
Balanced Valve for 
Nigerian Electricity Cor- 
poration (Consulting 
Engineers, Messrs. 
Mackness & Shipley). 


1,500-H.P. Fullagar 
Engine and Generators 


for Karachi Electric 


Supply Company (Con- 
sulting Engineers, Messrs. 


Handcock and Dykes). 


The Company is probably 
unique in manufacturing 
in one Works these three 
types of machine for World 
Service. 
The units shown are :— 
25,000-kW.,3,000r.p.m. 
Turbo-alternator set for 
Sheffield Corporation to 
the specification of Mr. E. 
Morgan, A.M.1.C.E. 


= 
Ws 
| 
| 
| 4 IT i | 
— 


She 
English Electric 
ournal 


Vol. V. No. 6 
CONTENTS. 
PAGE 
Lonpon’s First TROLLEY Buses’ 136 
MOTHERWELL IRON AND STEEL 
ComPANY’S NEW SHEET MILL 
OPENED” - ‘ 236 
NEW SWITCHGEAR AT 
FREQUENCY STANDARDISATION IN 
GREAT BRITAIN - - - 139 
All Communications respecting Editorial 
Contents should be addressed to Turk Epiror, 
THe EnciisH JOURNAL, QUEEN’S 


House, Kincsway, Lonpon, W.C.2. 


EDITORIAL. 


The more spectacular work of the 
Central Electricity Board, that is to say 
the system of overhead power lines form- 
ing the Grid, is well known even to the 
man in the street; but there is another 
vast undertaking of that wonderful organi- 
sation which is not brought so prominently 
before the public notice. 

The work we refer to is the conversion 
of existing 25 and 40 cycle areas of supply 
to the standard periodicity of 50, and 
embraces the great industrial districts of 
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One Shilling. 


Central Scotland, Central England and 
North East England. Not only are changes 
in generating station and substation plant 
involved, but also corresponding changes 
in every individual motor and consuming 
device throughout these areas. The total 
cost is estimated at eighteen million 
pounds, and the amount of detailed en- 
gineering work that the change entails is 
enormous. There is the further compli- 
cation that the change-over in each area 
must be tackled piece-meal, and that 
provision must be made for the continued 
use of consumers’ machinery, etc., through- 
out the change-over period. 

The work will extend over a number 
of years, and there is but little doubt that, 
as in the case of the railways, when the 
broad gauge was converted to standard 
gauge, the ultimate gain will more than 
compensate for the cost and labour in- 
volved, and that the bold policy of the 
Electricity Commissioners and of the 
Board will be amply justified. 

As regards the methods of conversion 
there is no one solution that applies in all 
instances. Each case must be considered 
on its merits, and to obtain the best results 
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engineering skill 
Plant and apparatus that can 
operate on dual frequencies is in many 
instances necessary, in order to bridge 


of a high order is 
required. 


over an extended period of transference, 
and in practically every case questions 


of speeds, mechanical arrangements, 


efficiency and power factor must be care- 
fully investigated. 


There is another aspect of the change- 


over that is of great importance. Seeing 


that of necessity much new plant has to 
be installed, opportunity presents itself 
for consumers to modernise their power 
equipments and bring them right up to 
date. Improvements that otherwise would 
be impossible, owing to financial or other 
reasons, at once become practicable, if 


London’s First 


About 17 miles of the sys- 
tem of the London United 
Tramways in Surrey are in 
course of conversion to trolley- 
bus working. The first service 
was inaugurated on May 16th, 
when eight of the thirty-five 
vehicles that have been 
equipped by the Company 
were brought into use on the 
Twickenham Junction - Ted- 
dington route. The under- 
taking had been faced with 
the necessity of heavy expen- 
diture on their tram track 
and vehicles, and decided that 
the adoption of trolley buses 
would be advantageous in 
point of economy and traffic 
efficiency. 
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only thought is taken prior to the conver- 
sion; and it is to be noted that only the 
extra cost, if any, of such improvements 
falls upon the consumer, the cost of the 
conversion itself being borne by the Board. 


In the following pages some typical 
conversions are described, and the reader 
will obtain a good idea of the alternative 
possibilities that present themselves for 
The English 
Company has specialized in this class of 


consideration. Electric 
work, and has on its staff engineers who 
have acquired much experience of change- 
The Company will be 
glad to place the services of these experts 


over problems. 


at the disposal of engineers and others 
who have such problems to consider. 


Trolley Buses. 


Transport progress illustrated at the opening of the L.U.T. Trolley Bus Service. 
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The first trolley bus was set 
in motion by the Mayor of 
Twickenham, who to 
Teddington and back accom- 
panied by a number of offi- 
cials representing local auth- 
orities, and at the conclusion 
of the inaugural run the com- 
pany returned to the Fulwell 
Depot for lunch and a close 
inspection of the new vehicles. 
The Underground group of 
Companies was represented 
by the Managing Director, 
Mr. Frank Pick, and the Lon- 
don United Tramways by the 
General Manager, Mr. C. J. 
Spencer. General satisfaction 
was expressed at the smooth 
and quiet running and the 
rapid acceleration and powerful braking of the 
buses. When fully loaded they are capable of a 
speed of 29} miles per hour on the level and 18 
miles per hour on a 5 per cent. gradient. Aec- 
celeration is up to 3 ft. per second per second, 
which permits 20 miles per hour to be attained 
in 10 seconds within a distance of 62 yards. 
Retardation can be effected at 8 ft. per second 
per second for ordinary stops, and at 12 ft. per 


“ English Electric” Trolley Bus in service at Christchurch, N.Z. 


Another view of one of the L.U.T. Electric Buses. 


second per second for emergency stops, these rates 
being uniformly continued until the vehicle comes 
to rest. In emergency a bus that is running at 
30 miles per hour can be brought to standstill in 
about 80 ft. 

The vehicles are double-deck 56-seaters of the 
“ A.E.C.-English Electric’ type, fitted with an 
80 H.P. 500-volt motor and contactor type con- 
trol gear of the Company’s well-known designs ; 
speed control is effected by a 
pedal that actuates a 6-notch 
master controller. Three braking 
systems are provided, hand, 
rheostatic and vacuum, the two 
latter being operated in suc- 
cession from one pedal. 

Another recent delivery of 
A.E.C.-English Electric ” vehi- 
cles is illustrated on the next 
page. In the case of these 
trolley buses for Walsall Cor- 
poration the Company construct- 
ed the bodies as well as the 
electrical equipment, and fitted 
them to A.E.C. chassis. <A 
special feature of the construc- 
tion is that the body pillars are 
carried right through to the roof 
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so that the whole body is con- 
structed as a unit and not as two 
sepatate saloons. 

The lower illustration on page 
137 is of particular interest as 
it records the putting into 
operation of the first trolley bus 
service ‘in New Zealand. This 
vehicle is one of six similar buses 
supplied to the Municipality of 
Christchurch. The chassis and 
equipments were constructed at 
Preston Works, but in order to 
save freight charges the_ bodies 
were constructed locally “in ac- 
cordance with the working draw- 
ings provided. The design 
selected is of the one-man type 
and passengers enter by the side 
of the driver, who collects the fares ; an exit at 
the rear end ensures quick clearing at the 


Motherwell Iron & Steel Company opens a 
New Sheet Mill. An interesting ceremony took 
place on May 26th, when the Marquis of Douglas 
and Clydesdale, M.P., formally inaugurated an 
up-to-date electrically driven sheet mill equip- 
ment, the installation of which marks the first 
step in an extensive programme for the modern- 
isation of the rolling plant. Mr. A. Victor 
Wilson, B.Se., A.M.I.C.E., Chairman of the Com- 
pany presided, and in the course of his remarks 
stated that the new mill was capable of rolling 
sheets up to 16 feet long and 55 inches wide, and 
from }, in. thick to 16 and 18 gauge. 


“cc 


This mill is driven by an inglish Electric 
2,200-volt slipring induction motor having a peak 
output of 1,800 H.P. at 270 r.p.m. The pinion 
shaft carries a 7} ton flywheel on each side of the 
pinion and is connected to the motor by a flexible 
coupling. The equipment includes a step-down 
transformer, ironclad control switchgear and a 
liquid-type motor starter. 


When the further equipments have been de- 
livered, the Motherwell Iron & Steel Company 
will have one of the most up-to-date plants in 
the country. It will operate under ideal con- 
ditions since it will be possible to vary the speeds 
of all the bar mills whilst at the same time 
a high power factor will be maintained. The 
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One of the Trolley Buses recently delivered to Walsall. 


terminus, and, in addition, an emergency door is 
provided on the “ off” side. 


improvements are being carried out under the 
personal direction of Mr. Thomas Harvey, the 
Managing Director, whose advanced ideas in mill 
equipment and operation have been embodied in 
the layout. With him has been associated in 
connection with the electrical equipment, Mr. 
Robert A. Jackson of Glasgow. 


New Main Switchgear at Broomgrove Power 
Station, Hastings. The inauguration of a 14- 
panel, 11,000-volt, metal-clad switchboard took 
place on June 4th, the ceremony being performed 
by the Mayor of Hastings, Councillor G. H. 
Ormerod, J.P., supported by the Chairman of the 
Electricity Committee, Councillor E. M. Ford, 
and a large gathering of representatives of supply 
undertakings. 


The new board, which is a fine example of the 
Company’s compound-filled switch-gear, acts as a 
connecting link between the 132kV. sub-station 
of the Central Electricity Board, which adjoins 
the power house and the 11,000-volt transmission 
system that feeds an area comprising some 152 
square miles outside the Borough. It was con- 
structed to the specification of Mr. A. J. Ryan, 
M.I.E.E., A.M.I.Mech.E., the borough electrical 
engineer, in conjunction with the engineers of the 
Central Electricity Board. 
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Frequency Standardization in Great Britain. 


‘The installation of the new or altered electrical plant in consumers’ premises will contribute 
to the work of modernizing and re-equipment of many of the most important industrial 
establishments in the country."—Third Annual Report of the Central Electricity Board. 


The main feature of the National Electricity 
Scheme now being put into effect in Great 
Britain is the connection to a giant busbar 
system, the so-called “Grid,” of all power 
stations selected for future operation. The chief 
purpose of the 132,000-volt primary transmission 
lines which form the “ Grid” is to pool the 
resources of the power stations over considerable 
areas thereby using the plant to the best advant- 
age, and, as a corollary, reducing the cost and 
increasing the reliability of electricity supply. 
This principle having been adopted, the desirability 
of having a standard frequency became evident. 

Nevertheless the difficulties in the way of 
standardization were very great, for in spite of 
the predominating frequency being 50 cycles, a 
few of the largest supply undertakings work at 
other frequencies. The considerable size of those 
undertakings and the importance of their power 
stations in the general scheme rendered the 
adoption of frequency changers on a large scale 
impracticable as a final solution, and the Elec- 


tricity Commission took the bold step of directing 
a complete change of frequency on all non- 
standard systems. The cost of the work, which 
is estimated at more than eighteen million 
pounds, will be defrayed by the Central Electricity 
Board in the first instance, and will subsequently 
be recovered by a levy on the whole of the electric 
supply undertakings of the country; naturally 
the changeover process will take several years to 
complete. 

Over and above the main advantage of simpli- 
fying inter-connection, a standard frequency will 
tend to reduce the cost of electrical plant, and, 
further, as pointed out by the Central Electricity 
Board, in the paragraph quoted at the head of 
this article, the changeover will give a wonderful 
opportunity for improving existing industrial 
installations at little, if any, additional cost 
beyond that entailed by the frequency change- 
over itself. 

There will be general satisfaction in the former 
25-cycle areas at the elimination once and for 


Fig. 1. The first 50-cycle turbo-alternator set on the Glasgow Corporation system. 
Output— 25,000 kW. at 1,500 rpm, 
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Fig.2. 3,550kVA. Water Turbine Alternators in thei Stonebyres: Power Station of the Lanarkshire Hydro- 
Electric Power Co. Built for 25:cycles and converted to 50 cycles. 


all of the flicker, which in spite of many palliatives 
is unavoidably associated with lighting at so low 
a frequency. 

There are three main areas affected by the 
decision, and after close investigation with the 
Supply Authorities concerned, all the financial 
and technical principles have been defined, and 
the work commenced. The Central Scotland 
Scheme provides for changing over the 25 cycle 
systems of the Glasgow Corporation and the 
Clyde Valley Electrical Power Co. ; the Central 
England Scheme for a similar changeover on the 
systems of the Birmingham Corporation and the 
Shropshire, Worcestershire and _ Staffordshire 
Electric Power Co. 

Nearly the whole of the former system and 
most of the industrial area of the latter are 
supplied at the lower frequency, but the Shrop- 
shire, Worcestershire and Staffordshire Company 
has for some years carried out all its extensions 
and developed the supply to its wide rural areas 
at 50 cycles; therefore the changeover affects 
only the older portion of this system, that is to 
say, the concentrated industrial load in Smethwick 
and the southern part of the ‘‘ Black Country.” 


Technically and financially the most difficult 
changeover is that of the highly developed 
electricity systems in the North-East England 
Scheme, where the greater part of an area of 
over five thousand square miles is served at a 
frequency of 40°8 cycles per second. Some 
changeover work falls to be done also under the 
North-West England and North Wales, the 
South-West England and South Wales, and the 
South-East England Schemes, but together 
these account for only about 8 per cent. of 
the total expenditure on frequency standard- 
ization. 


The work of superintending the changeover, 
not only on the supply side, but also in con- 
sumers’ installations, is delegated by the Central 
Electricity Board very largely to the under- 
takings concerned in each area, and the Board 
states in its latest report that “this procedure 
has worked harmoniously and satisfactorily, and 
the undertakers are whole-heartedly carrying 
out the work, which must of necessity involve 
them in a great deal of trouble, inconvenience 
and responsibility.” 
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THE WORK INVOLVED. 

A change of frequency affects every piece of 
rotating electrical machinery from the power 
house to the smallest domestic motor, and in 
varying degrees all electromagnetic apparatus, and 
the replacement or reconstruction of all this 
material can be carried out only by easy stages 
and according to carefully organised plans. 
The initial step is the provision of a nucleus 
supply at the standard frequency ; subsequent 
development of the changeover will be assisted 
by the connecting up of the changeover areas to 
the “Grid” as they will then be able to draw 
power at standard frequency from other areas 
while the remainder of their own plant is recon- 
structed. 

Although the conversion of the power house 
and substation plant is a large operation, it is 
entirely in the hands of the Supply Authority to 
plan the method and the time schedule. The 
conversion of motors and apparatus on consumers’ 
premises is, on the other hand, an intricate 
business to which is added the complication of 
dealing on sound lines with new installations 
connected to the old frequency during the tran- 
sition period. Speaking broadly, the plan adopted 
is to divide the whole area into districts corre- 
sponding to suitable sections of the feeder and 
distribution system. Consumers in each area 
are notified well in advance of the date on which 
the supply to them will be at the new frequency ; 
in the interval full advice is given and the 
necessary financial negotiations are completed. 

In some areas the consumer arranges the details 
of his changeover and the Supply Authority 
submits his proposals and estimates to the Central 
Electricity Board for approval, but in the New- 
castle Area the authorised undertakers have 
established a special Change-of-Frequency De- 
partment which relieves the consumer of all the 
detail work connected with the selection and 
ordering of the new plant. Whatever differences 
there may be in procedure between one area and 
another, consumers have the satisfaction of 
knowing that the Suppty Authority is only too 
anxious to give them a full measure of assistance 
and advice, so that they will obtain the maximum 
benefit with the least expenditure. 


Whilst the reinstatement of an existing in- 
stallation by another of equal performance 
without cost to the consumer is the limit of the 
legal obligation imposed upon the Board, reason- 
able elasticity within the expenditure correspond- 
ing to that limit is permitted, and in practice 
many consumers can derive great benefits from 
the changeover by taking advantage of the 
opportunity to rearrange their drives and modify 
the type, distribution and rating of their motors ; 
the excess outlay, if any, that is to be borne by 
the consumer will generally be quite small in 
comparison with the economic gain in the opera- 
tion of his factory. 

The method of transferring consumers or groups 
of consumers systematically from the old to the 
new frequency, necessarily varies in detail 
according to the load involved, the time taken 
to exchange the motors and other apparatus, and 
the arrangement of the network. In some cases 
a loop main is fed from one end at the old fre- 
quency and from the other end at the new 
frequency, and the loop is interrupted at the 
point where changeover work is proceeding ; 
when the desired group of installations is ready 
for the changeover a further section of the main 
is transferred from the “old” to the “new” 
side of the loop. 

In large installations it is impossible to change 
all the motors and carry out the necessary 
mechanical alterations during a single interrup- 
tion to normal working, and it may be necessary 
to run a duplicate service into the Works, or to 
install a frequency changer temporarily. A 
temporary switchboard also may have to be 
installed so that groups of circuits may be 
changed over from one service to the other 
merely by switching, without any interruption 
of important drives, such as colliery fans or 
pumps. 

Of the three principal changeover schemes 
mentioned earlier two have special characteristics. 
In the Birmingham area of the Central England 
Scheme the change of frequency from 25 to 50 
cycles is being accompanied by a change, at the 
cost of the Corporation Electricity Department, 
in the pressure of the E.H.T. system from 5,000 
volts to 11,000 volts, and as a result high-tension 
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cables, transformers, E.H.'T. motors and apparatus 
will be affected to a greater extent than where 
the frequency change only takes place. 

On the north-east coast where the changeover 
is from 40 to 50 cycles, the conversion affects the 
mechanical portions of drives to a more serious 
extent than where the change of frequency is 
from 25 to 50 cycles. In the latter case 50-cycle 
motors are available, as a general rule, which will 
run at the same speed as the 25-cycle machines 
previously used, but the speeds which are common 
to both 40 and 50 cycles are very few, and even 
those are outside the range of the small and 
medium horse powers which form the bulk of 
industrial drives. Consequently in this area the 
changeover will frequently entail alterations to 
the mechanical parts and even to the replacement 
of the driven machines in some cases. 


POWER STATION AND SUBSTATION PLANT 

The initial step in the frequency standardiza- 
tion scheme as a whole was taken by Glasgow 
Corporation, when in. accordance with the Board’s 
programme for the installation of a nucleus of 
50-cyele generating plant in each area, they 
installed in May, 1929, a 25,000 kW., 50 cycle 
turbo-alternator set in their Dalmarnock station. 
This set is illustrated in Fig. 1. 

The turbine is one of 
the Company’s  two- 
cylinder impulse-reac- 
tion machines running 
at 1,500 r.p.m., and 
operating with steam at 
270 Ibs. per sq. in. and 
700° F. It has carried 
the 50-cycle load con- 


tinuously since its in- 
stallation, giving in 
emergency output 
of 27,500 kW., with a 
steam economy consider- 
ably higher than the 
guaranteed figure. Sub- 
sequently the rewinding 
of the alternator of a 
second “ English Elec- 


Fig. 3. 
tric’ set in the same 
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station was undertaken, the original turbine being 
retained in this case. 

The other generating authority in the Central 
Scotland area, the Clyde Valley Electrical Power 
Company, proceeded on the same lines, and at 
an early date commenced the conversion of the 
plant in the two hydro-electric stations of the 
Falls of Clyde. As a first step the conversion of 
one of the alternators at Bonnington was under- 
taken. This machine was rated at 6,150 kVA., 
11,000 volts, 25 cycles, and had eight poles. 
The rating of the reconstructed machine which 
has sixteen poles and runs at the same speed is 
6,220 kV.A. at 11,500 volts and 50 cycles. 

The reconstruction involved the supply of an 
entirely new stator winding, but it was possible 
to use the existing stator core without modifica- 
tion. The winding is of the basket type connected 
in two parallel circuits, and the coils are entirely 
mica insulated. It is of interest to record that 
when the old coils were removed the insulation 
was in absolutely sound condition and free from 
any trace of ionization, or of swelling at the 
points where the coils cross the radial air ducts 
in the core, 

The new stator coils having been prepared in 
advance of the dismantling of the machine, work 
was commenced on the Ist June,” 1930, and by 


Two 2,500 kW 25/50 cycle Frequency Changers in an Industrial Substation in the 


Birmingham area. 
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(25/50 cycle) 
Double-voltage 
(5,000/ 11,000) 
Three-phase 
Transformer 
with tapping 


switches. 


the 17th July the new winding was complete. 
The only other modification made to the stator 
was the replacement of the cast-iron stator coil 
support rings by “ Nomag” rings in order to 
eliminate the higher stray losses which would 
otherwise have occurred in this part at the 
higher frequency. 

The rotor was returned to Stafford Works, and 
the existing poles and coils removed. These 
poles were solidly fitted into dovetail slots milled 
in the eight flats of the cast-steel hub. Eight 
additional flats and dovetail slots were cut 
between those already existing. The sixteen 
new poles, consisting of sheet-steel laminations 
bolted between gun-metal end-plates, had been 
prepared in advance ; they also are provided with 
dovetails, but owing to the much smaller centri- 
fugal force of each pole, it was possible to use 
taper side-keys for securing them in the slots. 
The new field winding, like the old, is of bare 
copper strip, insulated with mica both between 
turns and from the metal spool on which it is 
mounted ; it is designed so that the existing 
exciter is suitable without modification. New 
coil supports were fitted between each pole, and 
the original fans remounted on the rotor. 


The reconstruction of the rotor was taking 
place whilst the stator was being re-wound on 
site. It was reassembled in the stator without 
delay, and the reconstructed machine was 
finally brought up to speed on the 18th August, 
only ten weeks after it has been shut down. 

Shortly afterwards, similar reconstruction of 
the second machine at Bonnington and of the 
two sets at Stonebyres was commenced on similar 
lines. 

As indicated earlier, the complexity of the 
changeover operations increases outside the 
power station. The substations of the supply 
undertaking and on consumers’ premises have to 
be considered individually and the majority of 
the transformers and converting units require 
replacement. Although transformers are very 
flexible and the change from 40 cycles to 50 cycles, 
or even from 25 to 50 cycles does not necessarily 
render them incapable of adaptation, considera- 
tions of impedance, new transmission voltage and 
double frequency operation have rendered re- 
placement essential in many instances. 

A 25-cycle transformer operated at the same 
output on a 50-cycle supply will have a somewhat 
higher efficiency and run with a lower temperature 
rise, but due to the doubled reactance its regula- 
tion will be poorer, particularly at low power 
factors. It has been found in practice that on 
lighting and unity power factor circuits and in 
situations where good voltage regulation is not 
of first importance or can be obtained by other 
means, the old 25-cycle transformers give suffi- 
ciently good results on 50 cycles. In other cases 
and especially for rotary convertor service it is 
necessary to order new transformers which it is 
usually worth while to construct as dual-frequency 
nits, combined in the case of the Birmingham 
changeover with provision for dual-voltage opera- 
tion. Many units of these types are under con- 
struction, and in general the output at the higher 
frequency is double that given at 25 cycles. 
Figure 4 shows one of these dual frequency 
transformers delivered to one of the 25-cycle 
areas. It is so arranged that by simple reconnec- 
tion it will operate on a 50-cycle supply and then 
have double the rating which it had on the 
original 25-cycle system. It will be seen that 
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the unit is fitted with tap changing 
gear on the high-voltage side. 

An interesting example of a large 
dual-frequency unit is one designed 
to give 7,500 kVA. at 25 cycles and 
12,000 kVA. at 50 cycles, the voltage 
ratio being 33,000/5,500 in both cases. 
When operating at 25 cycles the con- 
nections will be star/inter-star and 
for 50 cycle operation they will be 
star/star with a delta-connected ter- 
tiary winding; the whole of the 
windings are used under both con- 
ditions. The 33 kV. side is a simple 
series-parallel arrangement. On the 
L.V. side the inter-star connection is 
made up of a portion that will even- 
tually be used for the tertiary, the 
remainder being used for the star- 
connected L.V., and the two portions 
of each required to form the inter-star 


connection are connected in parallel for 50-cycle 
working. On-load tap-changing is provided on 
the H.V. side giving plus and minus 15 per 
cent. in 2.15 per cent. steps on both frequencies. 

The modification or replacement of converting 
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Fig. 5. 150/300 kW., 25/50-cycle and 300 kw., 50-cycle Rotary 
Convertor Equipments in a Motor Tyre Works. 


Fig. 6. 600 kW., 25/50-cycle and 1,200 kW., 25-cycle Rotary Con- 


vertors ina steel works. 


plant has, up to the present, been carried out to 
a greater extent in the substations of industrial 
works, than in those of the public supply under- 
takings, for the reason that the former is obviously 
the more urgent case. Many large works have 


their own converting plant to provide 
direct current for special variable- 
speed drives and other purposes, and 
a great many orders have been 
executed both for replacement or 
reconstructed machines and for dual- 
frequency convertors ; the former are 
often arranged to suit existing bed- 
plates. The Company’s design of 
25/50-cycle convertor equipments is 
such that the necessary adaptation to 
the new frequency can be made on 
site and the output is then double 
the 25-cycle output with substantially 
the same performance characteristics. 
In some cases the equipment can be 
used for 50-cycle working without 
alteration, but the flux loading is then 
halved and the characteristics altered. 
For 40/50-cycle service no change is 
made to the convertor or transformer 
on the occurrence of the changeover. 
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Fig. 7. 1,250 kW. 11,000-velt., 50-cycle Motor Convertors to replace 25-cycle 


Rotary Convertors. 


Fig. 6 shows a 300/600-kW. 25/50-cycle con- 
vertor in a steelworks, which represents the first 
step in the replacement of the single 1,200-kW. 
25-cycle convertor seen behind it. A 600-kW. 
straight 50-cycle equipment is now in hand, and 
when this is installed the old unit will be removed. 
Another instance of an industrial substation is 
that shown in Fig. 5. When extension of the 
works was planned before the changeover, a 
150/300-kW. 25/50-cycle dual-frequency convertor 
equipment was installed, and after the change- 
over a similar straight 50-cycle unit was added. 


145 
Fig. 8 shows a docks substation 
with two 200-kW. 40/50-cycle 
convertors, with the site for a 
third unit of 400 kW., which 
has since been installed. 

As an example of main sub- 
station plant supplied in connec- 
tion with the changeover, two 
1,250-kW. 11,000-volt 50-cycle 
motor-convertors are shown in 
Fig. 7. These have been con- 
structed to replace two 25-cycle 
rotary convertors and transfor- 
mers on the system of the 
Shropshire, Worcestershire and 
Staffordshire Company. They 
embody a number of special 
mechanical and electrical features 
that have been standardised in 
* English Electric ’ plant of this kind. 

It can readily be understood that although the 
idea of using frequency changers as a main link 
between systems of non-standard frequency and 
the ‘Grid ” could not be contemplated, these 
machines are an economical solution of some of 
the problems encountered in dealing with large 
private installations, especially new equipments 
in districts where a supply at the standard fre- 
quency will not be available for some time. Such 
installations can be carried out with 50-cycle 
motors and apparatus and operated from a fre- 


Fig. 8. Substation on N.E. coast, containing 40/50-cycle Rotary Convertor Equipments. 
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quency-changer installed by the 
supply authority in the works 
substation. The converse case 
of using temporary frequency- 
changers—constructed sometimes 
on self-contained transportable 
frames—has already been men- 
tioned ; they permit the change- 
over of a large works to be 
spread over a reasonable time by 
affording a supply at both fre- 
quencies. An example of a 
machine of this type is shown 
in Fig. 12. 

Figs. 3 and 10 show two 
2,500-kW. frequency-changers 
and their switchboards in a 
metal-working factory in the 
Birmingham area, and Fig. 9 the 
metal-clad switchboard control- Fig. 11. 
ling the 50-cycle supply to the 
factory. These units take their supply at 5,000 
volts, 25 cycles and generate at 11,000 volts on 
the 50-cycle side, but are designed to be rever- 
sible. They are equipped with motor-operated 
stator adjusting gear and automatic voltage 
regulators, and are designed for starting up from 
the 25-cycle side initially, but later the same 
gear will be used for starting from the 50-cycle 
supply ; starting is accomplished by means of a 
dual-frequency auto-transformer. The sets have 
four bearings, so that at a later date the indi- 


Fig. 10. 


for 5,000/11,000 volts. 


Frequency-Changer substation in an Industrial Works with two 
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11,000-volt Metalclad Compeound-filled Mill Switchboard. 


vidual machines may be utilised as synchronous 
condensers. 

The use of frequency-changers on a larger scale 
is exemplified by the installation of some large 
units on the system of the Newcastle-upon-Tyne 
Electric Supply Company. Fig. 11 shows a 
7,500-kW. unit in course of construction ; it will 
be installed at the North Tees Power Station in 
order to give a supplementary 50-cycle supply 
to Darlington Corporation, at whose station addi- 
tional plant is not due for installation under the 
Board’s scheme until 
1937/38. The set is 
designed so that at a 
later date each machine 
may be used as a syn- 
chronous condenser on 
50 cycles, and the bed- 
plate is constructed to 
facilitate the separation 
of the units. Motor- 
operated stator rocking 
gear is being provided, 
and the starting equip- 

ment will be of the auto- 


transformer type with 
Os kw 
unite start’? and 


” 


run 


] 
|_| 
: 
~ 
aia kha kh 
a 
| 
= 
mi 
| 


THE ENGLISH ELECTRIC JOURNAL 


solenoid operated switches and the _neces- 
sary apparatus for automatic starting after 
the main oil-breaker has been closed. The motor 
power factor and the generator voltage will be 
controlled automatically. A second unit of the 
same design and output has recently been put in 
hand. 


CONSUMERS’ INSTALLATIONS. 


Considerable progress has already been made 
with the work of changing motors in the Central 
Scotland area ; less has been done in the Birming- 
ham area, whilst in the Newcastle districts it has 
barely commenced. Not unnaturally, perhaps, 
power consumers have had some doubts as to the 
procedure to be followed, and concerning the 
incidence of the expenditure involved, but their 
position will always be made quite clear by the 
local supply authority acting on behalf of the 
Central Electricity Board. There are two courses 
open to the consumer when he is called upon to 
adapt his installation to the new frequency by a 
certain date. He may agree with the authority 
for them to carry out the work of exchanging his 
equipment for one of corresponding size and 
characteristics and to give consideration to his 
views on the selection of particular makes and 


Fig. 11. 


Stators of a 
7,500 kW. 
£0/50-cycle 
Frequency 
Changer 

under 
construction. 


AS 


modifications in technical details. Any altera- 
tions which mean any expenditure by the Central 
Electricity Board over and above that necessi- 
tated by the exchange of one piece of apparatus 
for another have to be the subject of negotiation 
as to the allocation of cost, and therefore in 
agreeing to a simple changeover, the consumer, 
whilst freeing himself of any financial liability, 
ties himself to a large extent to a repeat of his 
original installation. 

The alternative course is for the consumer to 
negotiate for the changeover to be carried out by 
himself on consideration of his receiving a lump 
sum calculated to cover the cost of a new 50-cycle 
installation equivalent to the old one, including 
modification of mechanical parts, and the labour 
required to effect the conversion. The great 
advantage of this course is that the consumer then 
has a free hand to reorganise the power arrange- 
ments by reconstructing the drives, installing 
motors of more suitable rating and revising the 
layout of his substation. The greater flexibility 
of this scheme is such as to recommend it in every 
case where an opening can be seen for improve- 
ments, and it affords a unique opportunity for 
bringing an installation up to date at a very 
moderate cost. 
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In the case of new 
motors installed during 
the changeover period 
on the old frequency, 
similar negotiations have 
to be conducted with the 
supply authority whose 
duty it is to see that 
plant is installed of a 
type which will require 
a minimum expenditure 
when the frequency is 
changed, having due 
regard to the  consu- 
mer’s convenience and 
any related changes that 
may be necessary on the 
mechanical side. The 
importance of this aspect of the changeover may 
be judged from the estimate that in one of the 
changeover areas alone about three thousand 
motors will be newly connected at the old fre- 
quency before the conversion is complete. 

A great deal of thought has been given by the 
supply undertakings and by manufacturers to 
finding the most economical methods of dealing 
with pre-changeover installations. In the later 
stages of the conversions it becomes possible to 
draw on the accumulated stock of the old-fre- 
quency motors withdrawn from factories where 
the changeover has been carried out, but even 
then suitable machines are not always available, 
and the final balance sheet will contain a not 


Fig. 13. 133 H.P. 25/50-cycle motor adapted to 
existing bedplate of hydraulic pump. 
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Fig. 12. 400 kW., 25/50, Transferable Frequency-changer for temporary installation during 


a works change-over. 


inconsiderable item for the change to the new 
frequency. A way out of the difficulty was 
naturally sought in the design of motors capable 
of being adapted in position from the old to the 
new frequency, and as will be seen later, a con- 
siderable number of so-called dual-frequency 
machines has been installed in the 25-cycle areas, 
where the doubling of the frequency corresponds 
to a reduction in the number of poles on the 
motor by one-half if the same speed is to be 
retained. The employment of these machines 
has the great merit of obviating any great dis- 
location in the operation of the factory, and they 
represent a saving in capital expenditure com- 
pared with the installation of a straight 25-cycle 
motor which is afterwards replaced by a straight 
50-cycle motor. On the other hand, they are not 
quite standard machines, and their performance 
is a compromise between 25-cycle and 50-cycle 
machines to an extent depending upon the speed 
and output. 


In the 40-cycle areas the utility of a dual- 
frequency (reconnect) type of motor is_ less, 
because, as already explained, there are very few 
speeds common to the old and the new frequencies. 
The design is applicable, however, to large slow- 
speed motors, especially slipring machines, on 
colliery winders and similar drives, and by suitable 
selection the variation of speed in such cases may 
be made so small that no modification is necessary 
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Fig. 14.  25/50-cycle, 5,000/10,750-velt Industrial 
Substation. 

to the gearing or other mechanical parts. In 
these districts a more suitable type of machine 
for pre-changeover installation is the “ inter- 
frequency ” motor, a design which seeks to make 
the best of the inevitable change of speed due to 
the 40 to 50-cycle conversion. The change of 
speed still has to be faced, but the same motor is 
capable of operating permanently at 50 cycles, 
although in the interim period it works at 40 
cycles. This entails a measure of compromise in 
the performance characteristics, but provided 
that a suitable machine is selected it means a 
considerable saving in outlay and in the disturb- 
ance to the factory. Such motors would not, of 
course, be employed unless their 
extra cost and the cost of the 
mechanical alterations to the 
drives at a later date, together 
amount to less than the cost of 
replacement of a straight 40-cycle 
equipment by a 50-cycle equip- 
ment of the nearest obtainable 
speed. Careful choice of speed 
is important when  contem- 
plating the use of interfrequency 
machines ; if, for example, an 
800 r.p.m. motor (6-pole) would 
have been purchased under the 
permanent 40-cycle conditions, 
it will be advisable to consider 
whether the most suitable inter- 
frequency machine is one with 


the frequency becomes 50 cycles, whereas an 
8-pole motor will run at 600 r.p.m. on 40 cycles 
and 750 r.p.m. on 50 cycles. If, in this example, 
the least possible change of speed is permissible, 
then the best solution is to install a straight 
40-cycle machine which would subsequently be 
replaced by a straight 50-cycle motor; the 
reduction in speed amounting to only about 
5 per cent., the necessary mechanical adjust- 
ments to the drive will be undertaken by the 
change-of-frequency department. 


Many similar considerations arise in the north- 
east coast changeover, and the advice of experts 
is indispensable for the power user to obtain the 
best all-round pre-changeover installation. The 
* English Electric ” inter-frequency type of motor 
is the best in most cases: it is designed to give 
the desired output on either frequency, the speed 
increasing in the ratio of 1:1} when the fre- 
quency becomes 50; the design aims, of course, 
at obtaining the best performance under the per- 
manent, i.e., the eventual 50-cycle conditions. 
The majority of drives in a factory will have to 
be modified by changing pulley, pinion or sprocket 
wheel to compensate for this change of speed. 
Direct-coupled machines may have to have speed 
reducing gear added or to be reconstructed or 
replaced. In certain cases, for example, centri- 


6 or 8 poles. The 6-pole motor Fig. 15. 40-H.P. 25/50 Moter driving, air compressor and a similar 12% 


will run at 1,000 r.p.m. when 


-P. machine on line shafting. 
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fugal pumps, it is possible to 
obtain special inter-frequency 
types which can be modified on 
site to suit the increased speed. 

A recent order from a colliery 
in this district illustrates the 
application of several special 
types of machine to meet the 
changeover conditions. A 
double-drum winder is to be 
driven by 2,750-volt dual- 
frequency (reconnect) motor of 
640 H.P. (peak), which will be 
built with 16 poles and arranged 
for subsequent conversion to 20 
poles, the speed remaining 300 
r.p.m. A_ high-lift multi-stage 
Drysdale”’ pump will be driven 
by a 2,750-volt interfrequency motor giving 
310 H.P. at 1,160 r.p.m. on 40° cycles, and 
the same output at 1,450 r.p.m. on 50 cycles ; it 
is proposed to arrange the pump so that three 
stages can be discarded and the end covers 
brought closer together with the provision of a 
new shaft and tension bolts, and a special pipe 
bend. 

The great experience of the Company in indus- 
trial electrification problems has been widely recog- 
nised in the changeover areas, and they have 
carried out and have in hand a large number of 


Fig. 17. 
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Fig. 16. Individual Drives by 25/50-cycle motors, 


conversion and pre-changeover contracts, some 
of which are of considerable magnitude, involving 
complete substation and main switchgear. <A 
valuable opportunity has presented itself to the 
manufacturer and the power user for the develop- 
ment and adoption of new types of drive of a 
more economical kind, in a way that would other- 
wise have been impossible in the existing cireum- 
stances of financial stringency; the driving of 
rolling mills and the extensive adoption of power 
factor improvement are notable examples of this 
kind of accelerated progress. 


Careful attention to a number 
of details is essential in dealing 
with the replacement of exist- 
ing 25-cycle motors. Apart 
from the mechanical requirement 
of adapting the new motors to 
the old foundations, bedplates or 
other parts, which often calls for 
careful measurements and modi- 
fication to standard feet and 
fixing centres, questions of 
starting torque and _ factory 
power factor well repay investi- 
gation. The starting torque of 
a 50-cycle motor is inherently 
less than that of a 25-cycle 
machine of the samé normal 


25/50-cycle Motors driving Polishing machines for Stainless Steel.” rating, and to ensure satisfaction 
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to the consumer it is desirable 
for torque tests to be made on 
the existing machines so that the 
new motors may give the re- 
quired starting effort; this 
applies more particularly — to 
motors of the squirrel-cage type. 
Then, again, the changeover may 
result in an appreciable reduc- 
tion of the overall power factor 
and a consequent increase in the 
maximum kVA. demand. In 
areas where it is the practice to 
charge for power on a kVA. basis 
or to give some other financial 
inducement for maintaining a 
high power factor, the supply 


authority may have to install Fig. 18. 25/50-cycle Motor driving Ingot Shears. 


as part of the obligation of the 

Central Electricity Board some form of power factor 
improvement apparatus. Even if the cireum- 
stances do not place this obligation upon them, 
it may be an advantage for the consumer to 
undertake the improvement himself and_ to 
negotiate with the supply authority for a part or 
the whole of the additional cost to be borne by 
them. It is of interest to note that one writer 
has estimated that on the whole the decrease in 
power factor when changing over from 25 to 50 
cycles may result in an increase of 13 per cent. to 


Pig 


Fig. 19. 150-H.P., 25/50-cycle Motor on a Wire Mill. 


14 per cent. in current, which, in turn, corresponds 
to an increase of about 30 per cent. in heating 
effect. This tendency will certainly be an added 
inducement for the supply undertakings to 
welcome proposals for power factor improvement. 

When dealing with the replacement of motors, 
it is often necessary to take full measurements 
and to introduce special modification into the 
new machines so that they may fit the old drives 
without any alterations. Fig. 13 shows a 133 h-p. 
slipring motor with special feet and shaft to suit 
the existing bedplate and out- 
board bearing; it is driving a 
hydraulic pump at the works of 
Messrs. Mechans, Limited, of 
Scotstoun, and is operated by 
contactor gear. 

The changing over of existing 
installation is now taking place 


on a large scale in the various 
districts, but this work has, of 
course, had to await the prepara- 
tions of the supply company for 
giving a supply at the new fre- 
quency, in accordance’ with 
their time and geographical pro- 
gramme. The magnitude of 
the changeover operations may 
be indicated by reference to the 
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Fig. 20. 


150-H.P., 25/50-cycle Motor in a Rolling Mill, 


contracts in hand for the Motherwell Iron & Steel 
Company. Instead of merely substituting 50-cycle 
motors for the existing 25-cycle machines, all of 
which were of single or two-speed slipring type, the 
whole of the drives were investigated in the light 
of the most modern practice, and it was decided 
to obtain the advantages of unity power factor 
and variable-speed control on the jobbing mills, 
together with the elimination of slip losses, by 
converting the power to direct-current and em- 
ploying d.c. variable-speed motors. The mills 
are being rearranged so as to centralise the con- 
verting plant as much as possible. The equip- 
ment to be supplied comprises the following 
d.c. motors : For the 16 in. Mill, 500/1,400 h.p. 
100/150 r.p.m. direct-coupled to an existing fly- 
wheel and complete with contactor starting and 
control gear with push button control and 
dynamic braking. For the 10 in. 
Roughing Mill, 300/700 h.p. 130/260 
r.p.m. engine-base type motor 
direct-coupled to a flywheel on its 
own bearings and complete with 
multiple switch type hand _ starter 


and interlocked shunt regulator with series 
divertor. For the 10 in. Finishing Mill and Hard 
Rolls, 500/1,400 h.p. 150/300 r.p.m. motor direct- 
coupled without a flywheel to the 10 in. finishing 
mill and rope driving on to the hard rolls. This 
equipment is also complete with multiple switch 
starter. For the 8 in. Mill Drive, 300 h.p. 
270/350 r.p.m. motor direct-coupled to an existing 
flywheel and complete with multiple switch 
starter and shunt regulator. For Sheet Mill, 
750 h.p. motor and control gear. 


The 10 in. roughing mill motor and the drive 
for the 10 in. finishing and the hard rolls are at 
the substation together with two 750 kW. unity 
power factor 230/460-volt 3-wire rotary con- 
vertor equipments with transformers taking power 
from the Clyde Valley 11,000-volt 3-phase 
50-cycle system. 


The fact that these customers decided to go 
right away from A.C. to D.C. for driving their 
merchant mills because of the many advantages 


Fig. 21. Lifting Bridge at Anniesland operated by seven 25/50-cycle Motors. Inset one of the two 20-H.P. motors 
for raising the .500 ton leaf. 
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Fig. 22. 
pump,and a 600-H.P. compressor motor rewound for 
50-cycles. 


85-H.P., 25/50-cycle Motor driving hydraulic 


to be obtained is rather noteworthy. By so doing 
they obtain the full advantages of such a scheme 
at a minimum of cost to themselves, by nego- 
tiating with the Electricity Commissioners for 
the changeover of their plant, while still leaving 
themselves a free hand to reorganise their equip- 
ment as they thought best. 

The order further suggests that on the change 
of frequency other customers may contemplate 
the substitution of variable-speed equipments on 
similar mills for their present single-speed drives, 
‘an eliminate 
gearing and obtain increased outputs at very 
little, if any, further expense. 

As an example of the course of events in a 


especially if by so doing they 


representative modern factory in one of the 
25-cycle areas, shortly prior to the commence- 
ment of the changeover operations, a_ brief 
description may be given of the plant installed 
in a large Rubber Works in the Glasgow Area. 
An E.H.T. bulk supply was taken at 11,000 volts, 
and a substation at the works was equipped with 
two dual-frequency 500-kVA. transformers, a 
dual-frequency rotary convertor equipment of 
150-kW., a high-tension truck-type control board 
of three panels and low-tension distribution 
boards for the A.C. and D.C. supplies to the 
A view of the substation is 
shown in Fig. 5, which also includes a 50-cycle 
300 kW. rotary convertor installed after the 
changeover had occurred. 


works respectively. 


The necessity for a 
direct-current supply arose from the use of mills 
and calenders, on which fine speed regulation 
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The whole of 
the equipment was arranged to operate on the 
25-cycle supply then available, but it was so 
designed that, when a year later, the supply 
frequency 


was required over a wide range. 


ras changed to 50 cycles, the trans- 
formers and rotary convertors were reconnected 
and then gave doubled outputs. 
A.C. 
changeover was anticipated by the use of 50- 


So far as the 
motors in the works are concerned, the 


cycle machines, and during the transition period, 
two 25/50 cycle frequency changers, each of 
400 kW. were installed at the works by arrange- 
ments with the Supply Authority ; one of these 
machines is illustrated in Fig. 12. 

An example of the installation of dual frequency 
motors in the Birmingham area is that carried 
out at the works of an _ old-established firm 
The the 
use of gas engines and to electrify the works 
was taken when the electric supply available was 


of galvanizers. decision to abandon 


a 25-cyele, 3-phase, 5,000-volt service, which 
would ultimately become a 50-cycle, 10,750-volt 
service. The works’ substation, shown in Fig. 
14 was equipped with dual frequency transformers 
of 200 kVA. for the power load, and 25 kVA. for 
the lighting load, together with the necessary 
switchgear, which was of 11,000-volt size. 

As much of the plant in this works operates 
intermittently, it was considered desirable to 
subdivide the drives as much as possible, and use 


Fig. 23. 200-H.P., asynchronous-synchronous motor 
substituted for an induction motor to improve power 
factor. 
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separate motors for as many 
Fig. 15 
two dual frequency 
motors, one a 40-h.p.  slipring 
machine driving an air com- 
pressor for pneumatic riveting, 
and the other a 124-h.p. squirrel- 
cage motor driving line shafting. 
The starters are of the Com- 
pany’s ‘* OSR ” stator-rotor type 
and OS” star-delta type 
respectively. Fig. 16 is anothec 
example of individual drives in 
this works by dual frequency 
motors, The only modification 


machines as possible. 
shows 


required to the starting apparatus 
when the frequency is changed 
will be the replacement of the 
no-volt coils. 

Another interesting applica- 
tion of dual frequency machines 
is shown in Fig. 17, where six squirrel-cage motors 
are seen driving polishing benches for stainless 

the works of Messrs. Thomas 
These motors are controlled by 


steel sheets in 
Firth & Sons. 
the Company’s oil-immersed star-delta starters. 
An interesting case of the application of dual 
frequency motors is that illustrated in Fig. 18, 
which shows what is believed to be one of the 
first dual frequency slipring machines to be put 


Fig. 25. 


161]200-H.P., 25/50-cycle Induction Motor driving Rotary Compressor. 
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Fig. 24.—Slip-regenerating Motor on a 2,000 H.P. Sheet Mill Drive. 


into service: it is a 20-h.p. machine driving an 
Ingot shears. The customer to whom this was 
supplied had one works in a 25-cycle area, and 
another in a 50-cycle area, and the motor was 
purchased to operate on 25-cycle mains for about 
eighteen months, after which it was transferred 
to the second district where it has since been 
working at the standard frequency. 

Of dual frequency motor installations of some- 
what larger size, reference may 
be made to that of Messrs. 
Charles Clifford & Sons, who 
completed last year the electri- 
fication of their Dogpool Rolling 
Mills. Fig. 19 shows a 150-h.p. 
motor and gear drive on one of 
the wire mills, and Fig. 20 a 
second machine of the 
size driving another portion of 
the plant. With the advent of 
the 50-cycle supply, the com- 
plete changeover of this works 
is now in progress, and new 50- 


same 


cycle motors have recently been 
put in hand, comprising machines 
of 350 h.p., 250 H.p., 85 h.p. 
and smaller sizes. 


= 
= 
< 
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A further example of a pre-changeover installa- 
tion is shown in Fig. 21, reproduced by the 
courtesy of Sir William Arrol & Co., Ltd. This 
shows a new lifting bridge at Anniesland, and 
inset, one of the seven dual-frequency motors 
that actuate it. This motor is one of a pair of 
20-h.p. half-hour rated dual-frequency slipring 
machines fixed in the 500-ton lifting portion, and 
driving through horizontal shafts and gear 
trains. Each motor is capable of performing 
the full duty although they are used together for 
normal operation. There are also five smaller 
motors of the squirrel-cage type installed under 
the foot-ways of the fixed portions for operating 
the bolts and gates. The whole of the motors 
are operated from a master controller by con- 
tactors which determine the proper 
and acceleration automatically. 

Fig. 22 shows an 85 h.p. dual-frequency slip- 


sequence 


ring motor operating a high-pressure hydraulic 
pump at Messrs. John Brown’s works. In the 
background is a compressor driven by a 600 h.p. 
“English Electric’? Motor that has been re- 
wound for 50-cycles to the order of the supply 
undertaking. 

Emphasis has been laid already on the im- 
portance of using the changeover for the general 
improvement of factory driving 
There is, too, the question of power factor im- 
provement, and it has been found in many cases 
that a comparatively small addi- 
tional outlay at the time of the 
changeover will enable the con- 
sumer to obtain a permanent benefit 
by qualifying for the rebate, or 
other inducement, offered by the 
Supply Authority for the main- 
tenance of a good power factor. 
Moreover, as the power factor of 
ordinary induction motors is on 
the whole lower at 50 cycles than 
at 25 cycles, some assistance on 
the financial side may be looked 
for. 

The English Electric Company 
has always taken special interest in 
power factor improvement problems, 
and has developed standard lines 


equipment. 


Fig. 26. 
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of machines of several types for bringing about 
any desired degree of power factor correction, 
the choice of type depending upon the circum- 
stances in which the factory operates. A good 
example of the way in which their asynchronous/ 
synchronous (synchronous induction) motors have 
been used for this purpose in connection with a 
frequency changeover, is the installation of three 
of these machines at the works of Messrs. D. & W. 
Henderson, in the Glasgow area. The power 
factor of the installation has been raised to the 
very satisfactory figure of .98. Fig. 23 shows 
one of these motors, a 200 h.p. 265 r.p.m. machine, 
driving an air compressor. Two machines of this 
size, and a third of 300 h.p. replaced slipring 
induction motors of the ordinary type, and they 
were constructed to suit the existing bedplates 
and other parts. In the ordinary 
way, motors of this type are fitted with a direct- 


mechanical 


coupled exciter, but in the installation in question 
limitation of space led to the use of separate 
motor-driven exciters connected up in such a 
way that when the stator switch of the main 
motor is closed, the driving motor of its exciter 
set is thrown directly on to the line, suitable 
protection being provided by means of thermal 
overload relays. 

An alternative type of power factor correction 
machine which is very useful in smaller factories, 
or where the units are of smaller output, is the 


2,500-H.P. Induction Motor with Phase Advancer for power 


factor correction. 
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induction 


Company's ‘ Kosfi’’ compensated 
motor, and extensive use is being made of these, 
with highly satisfactory results for both the con- 
sumer and the supply company. 

Both of the above mentioned types of power 
factor correcting motors are employed to advant- 
age in large works, especially where a considerable 
proportion of the drives is necessarily by large 
low-speed motors. For the conversion of a 
cement works in one of the 25-cycle districts 
more than ninety motors of are 
being supplied. Whilst the majority of these 
are induction motors, power factor improvement 


various sizes 


is being carried out by the use of a 350 h.p. 
asynchronous-synchronous motor to operate at 
0.7 leading power factor, and two 22 h.p. “ Kosfi- 
leading 

Where it is desired to apply power factor 
correction to individual induction motors of very 
rotating 


compensated induction motors. 


large size, the Company employs a 
power factor compensator in conjunction with an 
induction motor of the slipring type, and with 
this combination it is possible to hold the power 


Fig. 


factor to unity over the whole load range. 
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applied to an in- 


26 illustrates a compensator 
5 thereby increasing 


duction motor of 2,500 h.p. 
its power factor from about .7 up to unity, at 
a very small average cost; the equipment is 
started and run exactly like a simple induction 
motor. 

The replacement of a 2,500 h.p. induction 
motor in a rolling mill by a combined slip-regen- 
eration power factor correction equipment. illus- 
how the changeover can be 
An A.C. commutator 


trates very well 
turned to profitable use. 
motor similar to that shown in Fig. 24 is coupled 
directly to the main motor, and speed control 
is effected by regulation of the field of the com- 
mutator motor. Fig. 25 shows a 25/50-cycle 
slipring induction motor driving a rotary air 
compressor in a steel works in the Central 
Scotland area. 

In conclusion attention may be drawn once 
again to the importance of making full use of 
the changeover conditions to modernise drives 
of every kind, and in doing this to institute 
enquiries as to the latest developments in the 
economical application of electric power. 


>. 
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“English Electric; 


MOTORS 


FOR EVERY 
INDUSTRIAL 


Pipe-Ventilated 
Slipring Motor 


Protected Type 
Small and Large 
Squirrel -Cage Motors 


Protected Type Slipring 
Motor 


** Closvent ’’ Enclosed Squirrel - Cage 
Motor 


Louvre - Ventilated Squirrel- Gage Motor 


Power users the World over testify 
to the reliable and efficient service 
of ‘English Electric’’ Motors under 
the most exacting and arduous Industrial 
conditions. 


Writefor our Pocket Price List 1026 


ENGLISH ELECTRIC 


THE ENGLISH ELECTRIC COMPANY LIMITED. 


Queens House. Kingsway. London.W C.2. 


Works: BRADFORD, COVENTRY, PRESTON, RUGBY, STAFFORD. 


: 
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NORMAN E. Box LI: 


MOTOR CARRIERS AND HEAVY 
HAULAGE CONTRACTORS 


SPECIALISTS IN HANDLING ALL CLASSES OF 
ELECTRICAL PLANT, BOILERS, MACHINERY &c. 


Seventy-one ton Stator of a 27,500 kW. Turbo-Alternator, 
en route from the Stafford Works of The English Electric 
Co., to Dalmarnock Power Station, Glasgow. 


Total deadweight, including bogie, eighty-one tons! 


RUSHOLME ROAD, ARDWICK GREEN, MANCHESTER 


Telegrams: ‘‘ Hauling, Manchester.” Telephones: Ardwick 2735 & 2736 
AND AT: 
1, Park Place, Leeds. 


Telephone: Leeds 25503. 


521, Lichfield Road, Aston, Birmingham. 


Telephone: East 1438 
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SPECIALLY BUILT FOR 
ARDUOUS RAILWAY SERVICE 


FREE OR FIXED BOLLARDS 
IN ALL SIZES UP TO 
10 TONS PULL ON ROPE 
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PORCELAIN 


EXTRA HIGH TENSION 


INSULATORS 


AND LOW TENSION | 


| 


for 
OVERHEAD POWER TRANSMISSION, TELEGRAPH 
AND TELEPHONE LINES, BUSHINGS, ACCESSORIES, 
&c., IN HIGHEST GRADE ELECTRICAL PORCELAIN. 


“FISH-SPINE” INSULATING BEADS 
for Bare-wire Insulation 


TAYLOR, TUNNICLIFF & CO., LTD. 


| Head Office: EASTWOOD, HANLEY, STAFFS. 


Telephone: Hanley 5272. Telegrams: Eastwood, Hanley. 


Works: HANLEY, STONE & LONGTON. 
London Office: 110, CANNON STREET, E.C.4. 


Telephone: Mansion House 7211. 


Grapes, AO. A10. A30.—BO. B10. B30. 


(To B.E.S.A. Specification 148/1927,) 


As supplied to The English Electric Co. Ltd., and other large 
Transformer and Switchgear Makers. 


Suppliers of Transformer Oils to the various “Grid” Schemes, 
Corporations, Collieries, and some of the leading Industrial 


Concerns. 
FURTHER INFORMATION FROM: 


Spurrier. GLAZEBROOK & Co., Ltp.. 
8, MARKET PLACE, MANCHESTER. 


Works & Laboratories: Worsley Street, Salford. 


XIV 
| 
| 
| 
| 
| 
| 
| 
| | 
| 
| 
| 
| 
| 
99 
 gPUR 
ef $ 
STERED TRAVE 


June, 1931. THE ENGLISH ELECTRIC JOURNAL xV 


A DISTINCTIVE METHOD OF REPRODUC- 
TION THAT IS EQUALLY EFFECTIVE ON 
FINE OR COARSE MESH. 


PHOTOGRAPHIC STUDY AND BLOCK BY 


A R i=) 
MAKERS OF BETTER BLOCKS 


5, East Harding Street, London, E.C.4. 


Telephone : Telegraphic Address : 
Central 2602 (3 lines). Toananlyne, Phone, London. 
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PATENT AIR BLAST WATER COOLERS 
FOR WORKING IN CONJUNCTION WITH 


MERCURY ARC RECTIFIERS 


" RELIABLE IN 
PERFORMANCE 


™ COMPACT IN DESIGN 
* SILENT IN OPERATION 
" INEXPENSIVE TO INSTAL 


Please send us your enquiries 


HEENAN: FROUDE 


LIMITED 
WORCESTER * ENGLAND 


\ 


ATTWATER AND $ONS 


PRESTON (Established 1868) ENGLAND 


T-SPAN y 
TRANSFORMER 


The Toughest and Best = 
of all Fullerboards QV 


BOARDS 


=a 


(Complies fully with B.E.S.A. Specification ) ” 


Average Breakdown on ;/; in. material, 48°000 volts. Specific Inductive Capacity, 3. 
Shrinkage under 1%. Specific weight, 1'2. Absorption, 42°5% on Dry Weight. 
Made in Sheets ;'; in. to | in. thick, and in Rolls ‘004 in. to °025 in. thick. 


MICA and MICANITE in all forms. BAKELITE. Actual 
makers of RESIN, VARNISH. Coated Papers and Cloths. 
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i Rolled and Moulded Tubes and Sheets of the highest quality. 
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HERE’S SOMETHING NEw! 


“NESTA” REVERSIBLE AND RECEDING 
TRAMCAR SEAT. 


Unlike the old type of Reversible Tramcar Seat with 
advancing motion the new ‘“ Nesta” Reversible Seat 
has a receding movement of the seat cushion with 
every reversible action of the seat back. This allows 
the end units to be placed nearer the fixed seats, 
thereby doing away with wasted space here, and giv- 
ing two inches more room between seats. 


This seat complies with local regulations and no damage is possible 
to passengers’ clothing. 


THE “ NESTA” REVERSIBLE AND RECEDING SEAT IS USED 
ON THE METROPOLITAN ELECTRIC AND LONDON UNITED 
TRAMS. 


Seid for a copy of our complete catalogue. 


Equipment & FNGINEERING [9, 


2 & 3. NoRFOLK STREET, STRAND, W.C.2. 


Telephone : Telegrams : 
TEMPLE BAR 1088, ‘“* KHARPARTS, ESTRAND, 
(2 Lines). LONDON.” 


Pat. Nos. 
31 8676/28 
329169/29 


POWER 
BY ‘PHONE 


@ © In every branch of industry, 
Renold Stock Drives offer 
undeniable opportunities of 
effecting economies, not 
only in actual cost but in 
the eventual long service 
rendered and in the im- 
munity from costly break- 
downs 
Stock Chain Drives are 
available from 1-100 h.p., 
with ratios of 1:1to6: 1, 
for immediate delivery 


From the Renold Stock 
select drives, know their 


within 24 hours, and in 


Drive booklet engineers can Renold Stock Drives on individually driven Metal Saws 


Sendf or a cop’ 
cost, have them delivered @ B® Chain Drive 


stalled in less time than it ~ HANS RENOLD LTD., MANCHESTER 


takes to quote for other BRANCHES and STOCK DEPOTS in LONDON, BIRMINGHAM, 
forms of transmission MANCHESTER, LIVERPOOL, LEEDS, BRISTOL and GLASGOW 


of the “ Renold"’ Stock 
Booklet. Ref. No. 01603 @ @ 
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= Parkson features 
= 
_ that promote Production 
a Quick Power Traverses in all Directions 
= Quick Power Return to Table with Spindle Stopped 
= Feed Changes and all Traverse Controls on _ front of 
= knee and rate of Feed in use indicated on Dial 
= Double overarm Arbor Support—Automatic Lubrication 


The No. 3d 
Plain Miller 


e 
TABLE MOVEMENTS 
40 in. x 12 in. x 20 in. 


WORKING SURFACE 


1 70 in. x 164 in. 


e 


Head Sales Office 


17, Grosvenor Cdns., 
LONDON, S.W.1. 


| 


J. PARKINSON & SON. SHIPLEY 
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with enormous 
ECONOMY EFFECTING 


Possibilities! 


Due to an entirely new manufacturing 
process you can obtain ELECTRICALLY 
WELDED LIGHT GAUGE STEEL 
TUBING in round, square, **D,” and 
almost any complicated section. 


Also, any length can be produced and the 
tubing can be expanded, flattened, swaged, 
bent or coiled to practically any desired 
shape. 


‘“New Process’’ Tubing has a splendid 
surface for plating, enamelling and 
other treatments. 


It is accurate in gauge, uniform in size, and 
can be produced at very competitive prices 


It is used successfully in the manufacture 
of hand-railings, tubular heaters, trans- 
formers, and many other products in the 
electrical industry—resulting in better 
products at lower cost. 


A sample, showing how efficiently ‘ N.P.’’ 


tubing is welded, together with an 
interesting booklet, will be sent on request. 


TUBE PRODUCTS 


OLDBURY :: BIRMINGHAM. 

Telephone: Telegrams: 

BROADWELL “ TUPRODUCTS, 
1651. OLDBURY.” 


Our Research Department 
will be pleased to consider 
any suggestion for the im- 
provement of your products. 
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STRAKER BROTHERS LTD. 


PRINTERS & PUBLISHERS, STATIONERS & 
ACCOUNT BOOK MAKERS. 


ESTABLISHED 1800. 


A ROTARY LITHO OFFSET 


IN THE MAIN MACHINE ROOM — IN THE N°3 MACHINE "ROOM = 


WE SPECIALISE IN COLOUR PRINTING BY OFFSET LITHO 
AND LETTERPRESS. POSTERS, CATALOGUES, FOLDERS, Etc. 
DIE STAMPING - LOOSE LEAF SHEETS AND LEDGERS 
CATALOGUES PRODUCED IN FOREIGN LANGUAGES. 
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